The paper briefly analyzes trophic relationships of Nepticulidae occurring in Middle and South America (the Neotropical and Ando-Patagonian regions) for the first time. The results show some peculiar features, including unexpectedly large percentage of taxa trophically associated with Asterales (Asteraceae) and Lamiales plants. However, because of insufficient sampling in most regions of the Caribbean and Middle and South America as well as the fact that only 50% of analyzed taxa are known in host-plant records, the results of current analysis should be treated as preliminary.
INTRODUCTION
The family was characterized with special reference to Middle and South America in monographic reviews by Puplesis, Robinson (2000) and Stonis et al. (2016b); however, very little information on host-plants and other particularities of the biology of Nepticulidae was provided.
Larvae of Nepticulidae (pygmy moths) are miners during all instars and feed inside leaves and occasionally other assimilation tissues of plants (Figs. [1] [2] [3] [4] [8] [9] [10] . One of the most pronounced and well-known trophic particularities is narrow diet breadth (stenophagy): most of Nepticulidae are either monophagous or strict oligophagous and rarely broad oligophagous, and only in a few known cases disjunct oligophagous (for the definition of the terms and the predominance of monophagy in Nepticulidae, see Diškus, Stonis, 2012 and Puplesis, Diškus, 2003) . Though the presence of an ovipositor is not characteristic of most of Nepticulidae females, some species (e. g. Holarctic members of the Stigmella salicis group) are known to have a more or less protruding ovipositor. However, during our recent study of the high-Andean fauna, females with well-developed ovipositors were discovered (Figs. 5-7, 11-13). Seasonality of mining and adult activity have been insufficiently studied; we assume that the currently available data (Figs. 14, 15) provide evidence not so much about seasonality but rather about the time of collecting.
If we include all published species and all unpublished taxa available to us thanks to the study of ample material collected by us and collaborating colleagues during our ongoing project, the number of species of Nepticulidae fauna of the Caribbean and Middle and South America would reach 265 taxa (or about 234 identified species and 31 record based solely on host-plants and specific leafmines). About half of these taxa have host-plant data. Previously there were no attempts to analyze tropical relationships of Nepticulidae occurring in the Americas because of a dramatic lack of hostplant data. Now, having host-plant data for about (2) all species with hostplant records that we have published recently during our ongoing project; (3) all unpublished but identified species which became available to us after the recent study of sizeable Nepticulidae material from the Caribbean, and Middle and South America and which are described and prepared for publication; (4) all host-plant records of unidentified Nepticulidae taxa that we collected in South America thanks to various research projects together with scientific partners, including the initial project by R. Puplesis and S. R. Hill with Professor Giovanni Onore, the Pontifical Catholic University of Ecuador, Quito, Ecuador, in 1999. The latter portion of records represents about 31 undescribed Nepticulidae taxa, while all the remaining records used in the analysis represent 102 described species (or those species that are fully documented and prepared for description).
MATERIALS AND METHODS

Trophic
Most of the host-plant identifications were done by botanists, including Nixon Cumbicus Torres (Universidad Técnica Particular de Loja, Ecuador), Alvaro Pérez, Jaime Jaramillo, David Padilla (Pontifical Catholic University of Ecuador, Quito, Ecuador), Elfriede de Pöll (Universidad del Valle de Guatemala, Guatemala), and Caroline Whitefoord (Natural History Museum, London, United Kingdom), with consultations provided by many other plant specialists (see Acknowledgments). Trophic analysis was performed by doing a simple count of all available host-plant records and attributing them to phylogenetical lineages of plants. For this, an Angiosperm phylogeny by a poster by Cole and Hilger (2016) , a currently widely available and therefore probably the most popular phylogenetical scheme, was followed.
We follow Morrone (2015) in considering most of the Andes (including the equatorial high-Andes) as a South American transition zone belonging to the Ando-Patagonian Region (or the Andean region sensu Morrone, 2015) .
Because of a preliminary character of the analysis and our effort for seeking simplicity, the enormous diversity of habitats were grouped down to a few ones: (1) páramo and puna, (2) tropical montane forests, including cloud forest habitats, (3) tropical lowland forests, including rainforest habitats and tropical coastal zone, and (4) temperate lowland and premontane forest habitats (the latter group was not presented together with other results because of insufficiency of data).
RESULTS
Preliminary analysis of tropical relationships of Nepticulidae occurring in the Caribbean and
Middle and South America revealed a strong predominance of certain host-plants: most of the species are tropically associated with either Asterids (Asteridae, 41.5%) or Rosids (Rosidae, 54.8%); only a small fraction (3.7%) is tropically associated with host-plants from other subclasses. Among the Asteridae-feeders, species tropically associated with Campanulids account for 57.1% and species feeding on Lamiids for 37.5%; only a minor percentage (5.4%) was detected as feeding on other Asterids. Among Rosidae-feeders, species tropically associated with Fabids account for 74.3% and species feeding on Malvids for 22.9%; only a minor percentage (2.8%) was detected as feeding on other Rosids.
In the fauna of the Neotropical region, hostplants from some families are very pronounced: feeding on Asteraceae plants was recorded for 23.7% of Nepticulidae taxa; on Rosaceae for 15.3%; on Lamiaceae 12.7%; on Fagaceae 8.5%; on Euphorbiaceae 5.1%; on Fabaceae and Malvaceae 4.2% (each); on Urticaceae 3.4%; on Polygonaceae, Melostomataceae, and Ericaceae 2.5% (each); and on Grossulariaceae, Salicaceae, Rhamnaceae, Myrtaceae, Scrophulariaceae, and Verbenaceae, 1.7% (each). Some Nepticulidae were also detected on Gunneraceae, Geraniaceae, Anacardiaceae, Meliaceae, Rubiaceae, and Boraginaceae (0.8% each).
In the fauna of the Ando-Patagonian region, host-plants from Asteraceae are the most pronounced too: Nepticulidae taxa with host-plant records on Asteraceae account for 33.3%; there are also host-plants detected from Myrtaceae, Anacardiaceae, and Salicaceae and some Nepticulidae are expected to be miners of Nothofagaceae (see Stonis et al., 2015) .
In total, 24 plant families and 16 plant orders (Fig. 16) are currently revealed as host-plant clades for the Nepticulidae occurring in America, south of Neartic Mexico.
Analysis of host-plant relationships according to the grouped habitats engaged by Nepticulidae (see Methods) indicates that páramo and puna can be characterized by a rather low generic diversity of host-plants, mostly belonging to the Asteraceae family (40.1%) and much less to other families: Euphorbiaceae, Scrophulariaceae, Grossulariaceae, etc. (Figs. 17-19 ).
Figs. 17-19. Trophic relationships of Nepticulidae from different habitats. 17 -páramo and puna; 18 -tropical montane forests, including cloud forest habitats; 19 -tropical lowland forests, including rainforest habitats and tropical coastal zone On the other hand, tropical montane forests are characterized by the greatest generic diversity of host-plants, even more diverse than tropical lowland habitats. The high host-plant diversity in tropical montane forests is determined by a huge range of "smaller" habitats and sampling efforts, whereas the rather low hostplant diversity in tropical lowland habitats engaging vast territories is probably determined by fewer sampling efforts and by another, very important fact -Nepticulidae simply do not "like" the rainforest. Our recent observations in the Amazon rainforest of Colombia, Brazil and Peru in 2016 confirm that Nepticulidae are not common or abundant in the moist tropical lowland forest, i. e. the lower diversity is not an artefact.
DISCUSSION
Preliminary analysis showed some unexpected but pronounced feeding tendencies of Nepticulidae occurring in the Neotropics and the Ando-Patagonian region. In contrast to the Holarctic fauna, where only 0.2% of Nepticulidae species are associated with the Asterales order, in the region under study 24% of the species are Asterales-feeders (Fig. 20) . A less pronounced but still striking difference between faunas of the Holarctic and Neotropical + Ando-Patagonian (formerly Neotropical, sensu lato) was detected among the Lamiales-feeders: they are very abundant (accounting for about 14.3% of all tropically investigated non-Nearctic American species). However, in contrast to the Holarctics, almost all of them belong to a single genus (Stigmella Schrank). On the other hand, the Rosales-feeders, the largest group of Nepticulidae in the Holarctics, are still less pronounced in non-Nearctic America (species on Rosales account for 21% in comparison with 32.4% in the Holarctics). Another interesting particularity of the American (Neotropical and Ando-Patagonian) fauna is the presence of leaf-miners on Myrtales, Geraniales, Boraginales (Fig. 20) , and even on Poales (van Nieukerken, pers. comm.) which are still unknown in the Holarctic fauna with a history of about 250 years of study.
Though host-plant data were available only for half of the Neotropical and Ando-Patagonian taxa, our trophic analysis shows pronounced feeding strategies, though it has to be confirmed by further sampling.
